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(54) An optical pickup with improved optical properties, and a method for manufacturing the 
optical pickup 



(57) A movable enclosure contains optical compo- 
nents, such as an objective lens, a semiconductor laser, 
a mirror, and a photodetector. The movable enclosure is 
supported by a fixed member via a plurality of wires that 
are positioned in parallel. This construction allows the 
movable enclosure to move in a tracking direction and a 



100 



focusing direction. The plurality of wires are insulated 
from one another to be also used as power-supplying 
lines and signal fines for the semiconductor laser and 
the photodetector. 
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Description 

BACKGROUND OF THE INVENTION 

(1 ) Field of the Invention 

[0001] The present invention relates to an optical 
pickup that is used to read and write information from 
and onto an optical recording medium, and to a method 
for manufacturing this optical pickup. 

(2) Description of the Related Art 

[0002] In recent years, optical recording media, 
such as a compact disc (CD) and a digital versatile disc 
(DVD), are increasingly used to store various types of 
information, and such recording media are rapidly 
becoming in widespread use. An optical pickup is usu- 
ally used as an optic device that performs a read from 
and a write onto such an optical recoding medium. 
[0003] FIG. 1 shows a construction of a conven- 
tional optical pickup 400 in a vertical section view. 
[0004] As shown in the figure, the optical pickup 
400 has a movable member 406 which is movable and 
which carries an objective lens 401 and coils 405. A 
fixed member 407 supports the movable member 406 
almost horizontally via four wires 412 which are posi- 
tioned in parallel to one another. The fixed member 407 
is fixed to an optical base 409. 

[0005] Since this figure is a section view obtained 
by vertically cutting the optical pickup 400, two out of the 
four wires 421 are not shown in the figure. 
[0006] In addition to the fixed member 407, a yoke 
410 that supports a magnet 41 1, an integrated compo- 
nent 402, a collimating lens 420, and a mirror 403 are 
positioned onto the optical base 409. 
[0007] The integrated component 402 contains a 
semiconductor laser and a photodetector. The semicon- 
ductor laser emits a laser beam, which is then colli- 
mated by the collimating lens 420 to generate a 
co Hi mated beam. The mirror 403 has an optical path of 
the collimated beam changed ninety degrees upward to 
have the beam enter into the objective lens 401, which 
then focuses the beam onto the recording surface of an 
optical recording medium 412. The beam is then 
reflected on the surface of the recording medium 412, 
and reverses along the above optical path. The photo- 
detector in the integrated component 402 detects this 
beam, so that a signal recorded on the recording 
medium 412 can be read by the optical pickup 400. 
Hereafter, the beam reflected on the recording medium 
41 2 is called "a return beam". 

[0008] Optical recording media tend to vertically 
vibrate when rotated. Accordingly, it is necessary to 
keep positioning the recording surface of the optical 
recording medium 412 within the depth of field of the 
laser beam L1 converged by the objective lens 401 by 
moving the objective lens 401 in a direction of its optical 



axis. Eccentricities in the rotation of the optical record- 
ing medium 412 make it also necessary to reposition 
the laser beam L1 so that it correctly follows a track on 
the optical recording medium 412. Accordingly, an opti- 

5 cal pickup is required to have an adjusting function and 
an error detecting function for having the laser beam 
correctly focused on a recording medium, and for hav- 
ing the laser beam correctly follow a track. 
[0009] The conventional optical pickup 400 there- 

10 fore has the photodetector in the integrated component 
402 detect a focusing error and a tracking error by 
receiving the return light, and suitably controls currents 
supplied to the coils 405. Currents passed through the 
coils 405 interact with a magnetic filed generated by the 

is magnet 41 1 fixed to the yoke 41 0 so that Lorentz forces 
are generated. As a result, the objective lens 401 moves 
in a focusing direction (i.e., a direction of the laser beam 
L1 being projected), and in a tracking direction (i.e., a 
direction which traverses tacks) that has the laser beam 

20 L1 correctly projected onto a track of the recording 
medium 412. By performing these operations, the opti- 
cal pickup 400 can accurately perform a write onto and 
a read from the optical recording medium 412. 
[0010] With this conventional optical pickup 400 

25 that moves the objective lens 410 in this way, the inte- 
grated component 402, the collimating lens 120, and 
the mirror 403 are all fixed to the optical base 409 
although only the objective lens 401 is movable to cor- 
rect the focusing error and the tracking error. As a result, 

30 a displacement is generated between the optical axis of 
the objective lens 401 and a principal ray of the laser 
beam emitted by the semiconductor laser, so that a lens 
aberration is generated. This decreases optical proper- 
ties of the optical pickup 400, and so precision of the 

35 optical pickup 400 for a write onto and a read from the 
optical recording medium 412 decreases. 
[001 1 ] One method to solve the above problem is to 
position the semiconductor laser, the photodetector, 
and the collimating lens 420 into the movable member 

40 406 that supports the objective lens 401 so as to main- 
tain the constant positional relationship between these 
optical components all the time and thereby prevent 
optical displacements from being generated. 
[0012] FIG. 2 is a simplified diagram showing acon- 

45 struction of an optical pickup 500 achieved according to 
this method. 

[0013] As shown in the figure, the optical pickup 
500 includes a movable enclosure 505 that carries an 
objective lens 501 , a semiconductor laser 502, a photo- 

so detector 503, and a beam splitter 504. (Hereafter, an 
optical pickup that has a movable enclosure carrying all 
the optical components of the optical system is called 
an "optical-component-integrated optical pickup".) The 
movable enclosure 505 is fixed to a fixed member 506 

55 via four wires 507 in a manner that allows the movable 
enclosure 505 to move in both the focusing direction 
and the tracking direction. The bottom portions of the 
movable enclosure 505 is also combined with a flexible 
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printed circuit 508, which supplies electric power to the 
semiconductor laser 502 and the photodetector 503, 
and transfers a signal to/from them. 
[001 4] When the entire optical system is included in 
the movable enclosure 505 in this way, displacements, 
due to movements of the objective lens 501, no longer 
occur between the optical axis of the objective lens 501 
and the principal ray ot the laser beam. However, the 
flexible printed circuit 508 exerts an unnecessary force 
to the movable enclosure 505 which is suspended by 
the four wires 507. This not only prevents smooth verti- 
cal and horizontal movements of the movable enclosure 
505, but also produces unnecessary resonance due to 
the elasticity of the flexible printed circuit 508 when the 
enclosure 505 moves. This prevents the optical pickup 
500 from correctly following a track, and therefore the 
construction of the above optical-component-integrated 
optical pickup becomes meaningless. Hereafter, the 
capability of an optical pickup correctly following a track 
is called a "trackability" of the opticaf pickup. 
[001 5] The conventional optical pickup 500 also has 
the following problems due to its supporting construc- 
tion with the four wires 507. 

[0016] The four wires 507 have the same length 
and the same thickness, and are made of the same 
material. As a result, each wire 507 has the same elas- 
tic coefficient in both the focusing direction and the 
tracking direction, and ends of these wires 507 are bur- 
dened with an almost uniform mass (i.e., one-fourth the 
mass of the movable enclosure 505). This results in 
each wire 507 having almost the same resonance fre- 
quency in both the tracking direction and the focusing 
direction. Should an external perturbation occur in 
either of these two directions, the other direction is also 
affected by this perturbation. This can result in, at worst, 
the movable enclosure 505 moving in circles, and make 
it difficult to have the laser beam correctly follow a track. 

SUMMARY OF THE INVENTION 

[0017] In order to solve the above problems, the 
present invention aims, as the first object, to provide an 
optical pickup that contains a movable enclosure carry- 
ing the whole optical system, which performs operations 
from emission of a laser beam to reception of a return 
light, and that is capable of keeping correctly focusing 
the laser beam on a track of an optical recording 
medium. 

[0018] The present invention also aims, as the sec- 
ond object, to provide a method for manufacturing the 
above optical pickup. 

[001 9] The first object can be achieved by an optical 
pickup, including: a semiconductor laser for emitting a 
laser beam; an objective lens for focusing the emitted 
laser beam on an optical recording medium; a first 
member for carrying at least the semiconductor laser 
and the objective lens; a second member; and a plural- 
ity of supporting members that are elastic and each 



contain a first portion and a second portion which are 
respectively connected to the first member and the sec- 
ond member, wherein the second member supports the 
first member via the plurality of supporting members in 
5 a manner that allows the first member to move in prede- 
termined directions with respect to the second member, 
wherein the plurality of supporting members include at 
least two supporting members that are electrically con- 
ductive, and wherein the at least two electrically con- 
ic ductive supporting members include electrically 
conductive supporting members that function as lines to 
conduct power to the semiconductor laser. 
[0020] For this construction, the conductive sup- 
porting members are also used as lines for driving the 
15 semiconductor laser so that a flexible printed circuit is 
no longer necessary for the present optical pickup of the 
optical-component-integrated type. This increases opti- 
cal properties of an optical pickup. In addition, a number 
of parts constituting one optical pickup can be reduced, 
20 and so production efficiency enhances. 

[0021] Here, the supporting members that function 
as the lines to conduct power may have a larger surface 
area than other electrically conductive supporting mem- 
bers. 

25 [0022] For this construction, heat generated by the 
semiconductor laser can be released via the supporting 
members of a larger surface area. 
[0023] Here, a number of the plurality of supporting 
members may be at least six, and the plurality of sup- 
so porting members may be substantially parallel in a lon- 
gitudinal direction of the plurality of supporting 
members. 

[0024] When at least six supporting members are 
used in this way, variations in properties of different sup- 

35 porting members can be averaged, which allows the 
optical pickup to smoothly follow movements of a 
recording surface of an optical recording medium. 
[0025] Here, the second member may contain a 
concave in which a base portion of at least one support- 

40 ing member is present, and the concave may be filled 
with a damping material that has viscoelasticity so that 
the base portion is surrounded by the damping material. 
[0026] With this construction, abnormal resonance 
generated by the supporting members can be sup- 

45 pressed. 

[0027] Here, the plurality of supporting members 
may include a first supporting member and a second 
supporting member that have different mechanical res- 
onance frequencies. 

so [0028] When the optical pickup contains the plural- 
ity of supporting members having different resonance 
frequencies, a resonance factor for a certain frequency 
can be reduced. As a result, degradation in precision 
with which the optical pickup performs a write and a 

55 read can be prevented, 

[0029] For this reason, it is preferable that the first 
supporting member and the second supporting member 
are differently shaped or have different widths. It is alter- 
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natively possible that the plurality of the supporting 
members are divided into a plurality of groups, and the 
second member has a plurality of concaves, in each of 
which base portions of supporting members of a same 
group are present. The plurality of concaves may be 5 
filled with at least two types of damping materials that 
have different viscoelasticity. 

[0030] Here, the plurality of supporting members 
may be composed of layers of at least two types of 
members, and the at least two types of members may 10 
include a metal plate and an insulating plate. At least 
two metal plates and at least one insulating plate may 
be alternatively layered to form each supporting mem- 
ber. 

[0031] This construction provides a necessary 75 
number of conductive members for supplying power to 
optical components positioned in the first member while 
reducing the size of the optical pickup as a whole. 
[0032] Here, each insulating plate may be made of 
a damping material that has viscoelasticity. 20 
[0033] This construction gives a function for sup- 
pressing resonance to each supporting member. 
[0034] Here, the optical pickup may further include 
a driving unit that has two driving coils which generate a 
driving force to move the objective lens in a focusing 25 
direction and a tracking direction, and the two driving 
coils may be positioned in the first member in an 
approximately central portion in a direction perpendicu- 
lar to: (a) a direction of an optical axis of the objective 
lens; and (b) a longitudinal direction of the supporting 30 
members. Out of the plurality of supporting members, at 
least six supporting members may be electrically con- 
ductive, and the plurality of supporting members may be 
positioned symmetrically with respect to a position at 
which the driving coils are positioned, with a number of 35 
supporting members on each side of the position being 
the same. On each side of the position, at least two of 
the at least six electrically conductive supporting mem- 
bers may be positioned closer to the driving coils than 
other supporting members. 40 
[0035] With this construction, the same number of 
elastic supporting members are positioned symmetri- 
cally with respect to a position of the driving coils. As a 
result, the plurality of supporting members can movably 
support the first member while achieving a suitable bal- 45 
ance. In addition, when the conductive supporting mem- 
bers closer to the driving coils are used as lines that 
supply power to the driving coils, a wiring process for 
other components, such as the semiconductor laser, 
becomes easier. so 
[0036] Here, the first member may further contain: a 
first reflecting unit that has a first surface which reflects 
a laser beam emitted by the semiconductor laser; and a 
second reflecting unit that has a second surface which 
reflects the laser beam, which has been reflected by the 55 
first surface, toward the objective lens. The first surface 
and the second surface may be parallel. 
[0037] For this construction, a principal ray of a 
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laser beam, which has been emitted by the semicon- 
ductor laser and enters into the first reflecting unit, is in 
parallel to a principal ray of the laser beam which has 
been reflected by the second reflecting unit and enters 
into the objective lens. As a result, a certain distance 
can be maintained between these two principal rays 
even when the semiconductor laser is not precisely 
positioned during assembly. Accordingly, the precision 
in positioning optical pickups during assembly can be 
reduced. 

[0038] The second object of the present invention 
can be achieved by a method for manufacturing an opti- 
cal pickup, the optical pickup including: a first member 
that carries optical components, which include (a) a 
semiconductor laser component that emits a laser 
beam and (b) an objective lens that focuses the laser 
beam onto an optical recording medium; a second 
member; and a plurality of supporting members that 
connect the first member with the second member in a 
manner that allows the first member to move. The 
method includes: a supporting member positioning step 
for positioning at least six supporting members between 
the first member and the second member, the first mem- 
ber and the second member being positioned at a pre- 
determined interval; and a supporting member 
connecting step for connecting each supporting mem- 
ber to the first member and to the second member so as 
to have a substantially uniform stress distributed to each 
supporting member. 

[0039] With this method, a uniform stress can be 
distributed to each supporting member during a con- 
nection process so that abnormal resonance can be 
suppressed when the optical pickup is in actual use and 
operates. 

[0040] Here, the plurality of supporting members 
may be electrically conductive, and the supporting 
member connecting step may contain a step for solder- 
ing at least one end of each supporting member to at 
least one of the first member and the second member. 
Alternatively, the supporting member connecting step 
may contain a step for connecting at least one end of 
each supporting member to at least one of the first 
member and the second member, using ultraviolet- 
hardening resins, or melted glass. 
[0041] With this method, a supporting length of 
each supporting member can be made the same by 
adjusting an amount of solder, ultraviolet-hardening res- 
ins, or melted glass. As a result, stress can be further 
evenly distributed to each supporting member. Note that 
the aforementioned "supporting length" refers to a 
length between two connected portions of each sup- 
porting member, and the two connecting portions are 
connected to the first member and the second member, 
respectively. 

[0042] The second object can be also achieved by a 
method of for manufacturing an optical pickup, the opti- 
cal pickup including: a first member that carries optical 
components, which include (a) a semiconductor laser 
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component that emits a laser beam and (b) an objective 
lens that focuses the laser beam onto an optical record- 
ing medium; a second member; and a plurality of sup- 
porting members that connect the first member with the 
second member in a manner that allows the first mem- 
ber to move. The method includes: a plate processing 
step for processing two electrically conductive plates to 
form two structural members that have a shape of a plu- 
rality of supporting members linked to an outer part of 
each conductive plate; and a first member forming step 
for having the two structural members held so that a 
predetermined positional relationship between the two 
structural members can be maintained, and forming at 
least the first member, out of the first member and the 
second member, in predetermined portions of the plu- 
rality of supporting members. 

[0043] For this method, a process to connect each 
supporting member to at least the first member does not 
need to be independently performed, so that production 
efficiency can be enhanced. Also with this method, at 
least the first member is formed, with a position of each 
supporting member being fixed. This prevents the sup- 
porting members from being distorted, and so sup- 
presses variations in properties of different optical 
pickups. 

[0044] Here, the plate processing step may further 
include a step for performing a bending process on por- 
tions of supporting members in at least one of the two 
structural members. 

[0045] When a terminal portion of each supporting 
member of at least one of the two structural members is 
bent as a sub-portion and brought to a position suitable 
to be connected to the optical components such as the 
semiconductor laser, this connection process can be 
facilitated. 

[0046] In the first member forming step, the first 
member and the second member may be simultane- 
ously molded out of resins in a manner that the prede- 
termined portions of the plurality of supporting 
members are embedded in the first member and the 
second member. 

[0047] With this method, a molding process for the 
first member and the second member can be performed 
simultaneously with a connection process for each sup- 
porting member to the first member and the second 
member. This highly facilitates the production efficiency. 
[0048] In the above first member forming step, 
"insert molding" is performed to form the first member 
and the second member. The insert molding refers to 
molding methods such as injection molding and transfer 
molding, and each supporting member becomes inte- 
gral with the optical pickup through this insert molding. 
For the optical pickup of the present invention, injection 
molding, which uses melted resins, should be preferably 
performed to reliably prevent the supporting members 
from being distorted during molding. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0049] These and the other objects, advantages 
and features of the invention will become apparent from 
5 the following description thereof taken in conjunction 
with the accompanying drawings which illustrate a spe- 
cific embodiment of the invention. 
[0050] In the drawings: 

w FIG. 1 shows a construction of principal parts of a 
conventional optical pickup in vertical section view. 
FIG. 2 shows a construction of principal parts of a 
conventional optical pickup of the optical-compo- 
nent-integrated type in vertical section view. 
15 FIG. 3 shows a construction of an optical pickup of 

in perspective view according to the first embodi- 
ment of the present invention. 

FIG. 4 shows a flow of a manufacturing method for 
the optical pickup of the first embodiment. 
20 FIG. 5A shows a state of wires soldered to a mova- 
ble enclosure and a fixed member in the manufac- 
turing method shown in FIG. 4, and FIG. 5B shows 
a state in which an amount of solder is adjusted to 
make a supporting length of each supporting mem- 
25 ber the same when each supporting member has a 
different length. 

FIG. 6 is a perspective view of a construction of an 
optical pickup according to the second embodi- 
ment. 

30 FIGs. 7A-7E show manufacturing processes for the 
optical pickup of FIG. 6. 

FIG. 8 shows a vertical section of an optical pickup 
of the third embodiment. 

FIG. 9 is a plan view showing the optical pickup in 
35 FIG. 8. 

FIG. 10 shows a fixed member and supporting 
members in vertical section view obtained by cut- 
ting along the line B-B' in FIG. 9. 
FIG. 11 is a section view obtained by vertically cut- 
40 ting the fixed member along a line C-C' in FIG. 1 0. 

FIGs. 12A-12E show a manufacturing method of 
the optical pickup of the third embodiment. 
FIG. 13 is a plan view of an optical pickup of the 
fourth embodiment. 
45 FIG. 14 shows a state of concaves in a fixed mem- 

ber of the optica! pickup in FIG. 13 in vertical sec- 
tion view. 

FIG. 15 shows another state of concaves in a fixed 
member of the optical pickup in FIG. 13 in vertical 
so section view. 

FIG. 16 shows a construction of an optical pickup of 
the fifth embodiment in plan view. 
FIG. 17 shows a state of concaves in a fixed mem- 
ber of the optica! pickup of the fifth embodiment in 
55 vertical section view. 

FIG. 1 8 shows a construction of an optical pickup of 
the sixth embodiment in vertical section view. 
FIG. 19 is a plan view of the optical pickup in FIG. 
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18. 

FIG. 20 is a vertical section view obtained by cutting 
a fixed member of the optical pickup in FIG. 19 
along a line G-G\ 

FIG. 21 is a vertical section view obtained by cutting 5 
along a line H-H' in FIG. 19. 
FIG. 22 shows vertical sections of concaves and 
supporting members in a fixed member of the opti- 
cal pickup of the sixth embodiment as a modifica- 
tion example. w 
FIG. 23 shows vertical sections of concaves and 
supporting members in a fixed member of the opti- 
cal pickup of the sixth embodiment as another mod- 
ification example. 

FIG. 24 shows vertical sections of concaves and 15 
supporting members in a fixed member of the opti- 
cal pickup of the sixth embodiment as another mod- 
ification example. 

FIG. 25 shows vertical sections of concaves and 
supporting members in a fixed member of an opti- 20 
cal pickup of the seventh embodiment. 
FIG. 26 is a vertical section view, which is obtained 
when a construction shown in FIG. 25 is cut along a 
line M\ 

FIG. 27 shows a construction of an optical pick of 25 
the eighth embodiment in perspective view. 
FIG. 28 shows vertical sections obtained by verti- 
cally cutting the optical pickup in FIG. 27 along a 
line A-A'. 

FIG. 29 shows a reflecting hologram region formed 30 
in a reflecting surface installed inside the optical 
pickup of the eight embodiment. 
FIG. 30 shows a construction of a light emit- 
ting/receiving substrate positioned inside the opti- 
cal pickup in FIG. 29. 35 
FIG. 31 shows a manufacturing process of the opti- 
cal pickup of the eight embodiment. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 40 

[0051] The following describes embodiments of the 
present invention with reference to drawings. 

First Embodiment 45 

[0052] FIG. 3 shows a simplified construction of an 
optical pickup 100 of the first embodiment of the present 
invention in perspective view. To clearly show connec- 
tions between components inside a movable enclosure 50 
and wires, the movable enclosure is shown transparen- 
tized. 

[0053] As shown in the figure, the present optical 
pickup 100 includes a movable enclosure 105, a fixed 
member 106, and six wires 109 which are supporting 55 
members. The fixed member 106 holds the movable 
enclosure 1 05 via the six wires 1 09. The movable enclo- 
sure 105 contains the following components in its 
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inside: an objective lens 101; a semiconductor laser 
102; a photodetector 103; and a raising mirror 104, and 
so on. A driving coil, and optical devices, such as a 
beam splitter, that are positioned between the semicon- 
ductor laser 1 02 & the photodetector 1 03, and the rais- 
ing mirror 1 04 are not shown in the figure. The movable 
enclosure 105 is supported by a fixed member 106 via 
six wires 109 in a manner that allows the movable 
enclosure 105 to move in both the tracking direction (a 
direction M X M in the figure) and the focusing direction (a 
direction "Z"). 

[0054] To plainly show the present optical pickup 
100, not all the bonding wires 110 are shown in the fig- 
ure. 

[0055] Of the six wires 1 09, three of them (hereafter 
called "an upper wire group") connect upper portions of 
the optical pickup 100, and other three wires (hereafter 
"a lower wire group") connect lower portions of the opti- 
cal pickup 1 00. Three wires in the upper and lower wire 
groups are positioned at equal intervals and in parallel 
to one another, and have a favorable conductivity. The 
six wires 109 are insulated from one another, and ends 
of some wires 109 are electrically connected via bond- 
ing wires 1 1 0 to the semiconductor laser 1 02 or the pho- 
todetector 103. This allows the six wires 109 to be also 
used as lines (hereafter, "power-supplying lines") for 
supplying power and signal lines, and therefore a con- 
ventional flexible printed circuit as shown in FIG. 2 
becomes no longer necessary although the present 
optical pickup is of the stated optical-component-inte- 
grated type. Consequently, unnecessary resonance that 
degrades optical properties of the optical pickup is not 
produced. 

[0056] In addition, the six wires 109 help average 
variations in properties of wires 109 responding to a ver- 
tical movement and a horizontal movement of the mov- 
able enclosure 105 more effectively than four wires that 
are used for the conventional optical pickup. This allows 
the optical pickup 100 to smoothly follow movements of 
an optical disc. At the same time, increase in tempera- 
tures of the semiconductor laser 1 02 and the photode- 
tector 1 03 can be reduced since the wires 1 09 release 
or conduct heat generated by the semiconductor laser 
102 and the photodetector 103. As a result, an optical 
pickup, which is capable of performing a read and a 
write involving very few errors, can be provided. 
[0057] Moreover, as the six wires 109 are insulated 
from one another, a necessary number of electrode ter- 
minals to drive the semiconductor laser 102 and the 
photodetector 103 and to output signals can be 
obtained. 

[0058] When three wires 1 09 in the upper and lower 
wire groups are positioned at equal intervals and in par- 
allel to one another, a uniform load can be given to each 
wire 109 without a huge load being given to only one 
wire 1 09. As a result, abnormal resonance can be pre- 
vented from being produced, and therefore the optical 
pickup 100 can smoothly follow movements of the opti- 
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cal recording medium. 

[0059] FIG. 4 shows an example flow of a manufac- 
turing method for the optical pickup 100. 
[0060] The movable enclosure 105 and the fixed 
member 1 06 are formed (P1 ). This can be performed by 
molding bodies of the movable enclosure 105 and the 
fixed member 106 out of resins, and attaching a wiring 
board to side surfaces, to which the wires 109 are con- 
nected, of the movable enclosure 105 and that of the 
fixed member 1 06. 

[0061] The movable enclosure 105 and the fixed 
member 106 are positioned at a predetermined interval 
in between (P2). Three wires 109 in the lower wire 
group are positioned in a predetermined position 
between the movable enclosure 105 and the fixed mem- 
ber 106, and ends of the wires 109 are soldered to the 
movable enclosure 1 05 and the fixed member 1 06. Sim- 
ilarly, wires 109 in the upper wire group are soldered at 
their ends to the movable enclosure 105 and the fixed 
member 106 (P3). 

[0062] The process in P3 is performed by robots, so 
that optical pickups can be mass-produced without var- 
iations in the different optical pickups being generated. 
[0063] FIG. 5A shows an example state of the wires 
109, which are connected between the movable enclo- 
sure 105 and the fixed member 106 according to the 
above method. 

[0064] As stated above, wiring boards (not shown in 
the figure) are attached onto wiring sides of the movable 
enclosure 1 05 and of the fixed member 1 06. Metal films, 
which are easy to be soldered to, are applied onto por- 
tions of the wiring board to which wires 109 should be 
connected. Three wires 1 09 in each wire group are fixed 
via the solder joints 1 1 1 onto the wiring boards of the 
movable enclosure 105 and of the fixed member 1 06 at 
uniform intervals and in parallel to one another. 
[0065] The six wires 1 09 are about 1 5 mm long, 1 00 
u.m wide, and 50 ujti thick, and are made of, for 
instance, phosphor bronze, beryllium copper, or tita- 
nium copper. The movable enclosure 105 is made of 
resin, for instance, and is eighteen mm long in the direc- 
tion of the length of the wires 109, fourteen mm long in 
the direction "X", and 3.4 mm thick. 
[0066] Phosphor bronze, beryllium copper, and tita- 
nium copper are chemically stabilized and so are rust- 
resistant. This allows the optical pickup 100 to maintain 
high trackability semipermanently. 
[0067] Even when the six wires 109 have different 
lengths, it is possible to give a uniform stress to each 
wire 109 by adjusting an amount of each solder joint 
1 1 1 as shown in FIG. 5B within a range that allows both 
ends of each wire 109 to reach solder joints 111 so as 
to make a length 'cT from one tip of a solder joint 1 1 1 to 
another the same for all the wires 1 09. Note that this 
length "d" is equal to the aforementioned supporting 
length between two connected portions of each sup- 
porting member. This prevents a large load from being 
given to only one wire 1 09, and therefore abnormal res- 



onance does not occur. — 
[0068] Following the process of P3 for connecting 
the wires 109, optical components such as the objective 
lens 101, the semiconductor laser 102, and the photo- 

5 detector 103 are positioned into the movable enclosure 
105. The semiconductor laser 102 and the photodetec- 
tor 103 are connected via bonding wires to a wiring 
board to which wires 109 are connected (P4). This com- 
pletes the manufacturing process of the optical pickup 

w 1 00. Note that the above process of P4 may be per- 
formed before the process of P3 for connecting the 
wires 1 09. 

[0069] A method to fix the wires 1 09 to the movable 
enclosure 105 and the fixed member 106 is not limited 

15 to the above soldering. Instead, other methods may be 
used, such as a method to apply ultraviolet (UV)-hard- 
ening resins to the junctions and to irradiate the resins 
with a UV ray, or a method to apply melted glass to the 
junctions and cool it down. With these alternative meth- 

20 ods, it is necessary to provide electrical connection 
between the wires 109 and the semiconductor laser 1 02 
or the like by soldering lead lines onto ends of the wires 
109 since both the UV-hardening resins and melted 
glass are electrically insulating materials. 

25 [0070] Alternatively, it is possible to use an "insert 
molding method" to fix the wires 109 to the optical 
pickup 100. According to this method, resins are 
injected into molds of the movable enclosure 105 and 
the fixed member 1 06 which hold ends of the wires 1 09. 

30 This method not only facilitates a connecting process of 
the wires 109 but also helps distribute stress to each 
wire 109 evenly. This insert molding method will be 
described in another embodiment in detail. 
[0071] The present embodiment describes the 

35 number of the wires 1 09 as six. However, the number of 
the wires 109 may be higher than six when more power- 
supplying lines or signal lines are necessary such as 
when the photodetector 103 needs more terminals, or a 
driving coil is positioned into the movable enclosure 

40 105. 

[0072] When four wires support a movable enclo- 
sure as in the conventional optical pickup, a resonance 
frequency becomes equal in both vertical and horizontal 
directions. Should external perturbations occur in one of 

45 these directions, the movable enclosure can move in cir- 
cles in an extreme case. With the present optical pickup 
100, on the other hand, six supporting members are 
used, with three supporting members being horizontally 
positioned in the upper and lower portions of the optical 

so pickup 100 and two supporting members being posi- 
tioned vertically in each connecting portion of the optical 
pickup 100. This can prevent abnormal circle move- 
ments, which occur in the conventional optical pickup, 
from occurring. Generally, when the higher number of 

55 supporting members are used, influence of variations in 
other structural members becomes less, so that abnor- 
mal resonance will not occur. Also, when a larger differ- 
ence is provided between the number of supporting 
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members positioned vertically and the number of sup- 
porting members positioned horizontally, unnecessary 
movements such as circle movements can be pre- 
vented more effectively. In any of the above cases, it is 
desirable to position an even number of supporting 
members symmetricatly in the directions "X" and "Y" 
with respect to a center line of the movable enclosure 
105 to evenly distribute stress to the wires 109. This is 
because abnormal vibrations are likely to occur when a 
large stress is distributed to only certain wires. Here, the 
above center line of the movable enclosure refers to a 
line which passes through a center of gravity of the mov- 
able enclosure 1 05 and which is parallel to a direction of 
the length of wires 109. 

[0073] It is also possible to enlarge a width of each 
wire 109 that is connected to the semiconductor laser 
1 02 to thereby give a larger surface area to this wire 1 09 
than to other wires 1 09. This allows heat generated by 
the semiconductor laser 102 to be released outside via 
this wire 109 more effectively. Alternatively, it is possible 
to extend this wire 109 of the enlarged width into the 
movable enclosure 1 05 and connect the extended wire 
109 directly to the semiconductor laser 102 to release 
heat further more effectively. Usually, two wires are 
required to supply currents to a semiconductor laser. 
Accordingly, it is desirable to prepare four wires, of 
which two are used as the power-supplying lines, that 
are wider than other wires, and to position the four wires 
symmetrically in the vertical and horizontal directions 
with respect to the center line of the movable enclosure 
105 in order to distribute stress to these wires 109 
evenly. 

Second Embodiment 

[0074] FIG. 6 is a perspective view of a simplified 
construction of an optical pickup 150 according to the 
second embodiment. 

[0075] As shown in the figure, the present optical 
pickup 150 includes a movable enclosure 105, into 
which the following components are positioned: an 
objective lens 1 01 ; a semiconductor laser 102; a photo- 
detector 103; a raising mirror 104; and other compo- 
nents. The movable enclosure 105 is supported by a 
fixed member 1 06 via four wire groups 1 12a and 1 12b. 
Optical components, such as a beam splitter, which are 
positioned between the semiconductor laser 102 & the 
photodetector 103, and the raising mirror 104 are omit- 
ted in the figure since such components' constructions 
are well-known and the present optical pickup 150 can 
be plainly shown without these components being 
shown. 

[0076] The four wire groups 112a and 112b are 
composed of: (a) two wire groups 112a that each con- 
tain three wires 1 13; and (b) two wire groups 1 12b that 
each contain three wires 1 14. The wire group 1 12a con- 
nects upper portions of the movable enclosure 105 with 
those of the fixed member 106, and the wire group 1 12b 



connects lower portions of the movable enclosure 1 05 
with those of the fixed member 106. Three wires 113 
and 1 1 4 in each wire group are positioned at intervals of 
about 200 u,m and in parallel to one another to keep one 

5 wire from contact with another when the wires 1 1 3 and 
1 14 are bent to a certain extent. The wires 1 13 and 1 1 4 
are about 15 mm long between the movable enclosure 
1 05 and the fixed member 1 06, about 1 00 u.m wide, and 
about 50 ujti thick, and are made of, for instance, phos- 

io phor bronze, beryllium copper, or titanium copper. 

[0077] The wires 113 are inwardly bent in the form 
of the letter inside the movable enclosure 105, and 
their end portions form junctions with optical compo- 
nents positioned into the movable enclosure 105. 

75 [0078] The movable enclosure 105 and the fixed 
member 106 are made of resin, for instance, and the 
movable enclosure 105 is 18 mm in the direction of the 
length of the wires 113-114, 14 mm deep in the direction 
"X M , and 3.4 mm thick. 

20 [0079] The junctions formed by the wires 113 are 
electrically connected via a plurality of bonding wires 
1 1 0 to the semiconductor laser 1 02 and the photodetec- 
tor 103 which are positioned into the movable enclosure 
1 05. FIG. 6 shows only some of all the bonding wires 

25 1 1 0 to clearly show connections. 

[0080] The four wire groups 1 1 2a and 1 1 2b connect 
the movable enclosure 105 with the fixed member 106 
in a manner that allows the movable enclosure 105 to 
swing. These wire groups 112a and 112b can be also 

30 used as power-supplying lines and signal lines. Accord- 
ingly, the conventional flexible printed circuit 508 is no 
longer necessary so that unnecessary resonance can 
be prevented from occurring. 

[0081] Especially for the present embodiment, the 
35 wire groups 1 1 2a and 1 1 2b are each composed of three 
wires 113 and 1 1 4, so that stress is distributed evenly to 
each wire within each wire group. Consequently, abnor- 
mal resonance can be prevented from occurring more 
effectively than when only one wire 109, instead of a 
40 group of wires, is used as one supporting member as in 
the first embodiment. 

[0082] Moreover, phosphor bronze and beryllium 
copper used for the wires 113-114 are more rust-resist- 
ant than copper, which allows the optical pickup 150 to 
45 operate with stability for a long time regardless of use 
environments. 

[0083] The following describes a method to pro- 
duce the optical pickup 150 of the present embodiment 
with reference to FIGs. 7A-7E. 

so [0084] A metal plate 120 as shown in FIG. 7A is 
prepared to produce the present optical pickup 1 50. For 
instance, this metal plate 120 is about 50 nm thick, and 
is made of phosphor bronze, beryllium copper, or tita- 
nium copper. By performing etching or presswork for the 

55 metal plate 120, a metal plate 120' that has two wire 
groups 1 12a is produced as shown in FIG. 7B. 
[0085] Insert molding process is performed using 
this metal plate 1 20' as follows. Predetermined portions 
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of the metal plate 120' are sandwiched with molds of an 
upper half 115a (hereafter called "an upper enclosure 
105a") of the movable enclosure 150 and with molds of 
an upper half 1 1 6a (hereafter "an upper member 1 06a") 
of the fixed member 106. Resins are injected into these 
molds. 

[0086] Following this, unnecessary portions, which 
are portions shown to the right of the upper member 
106a in FIG. 7C, are cut and removed, so that an upper 
body 150a of the preset optical pickup 150 is produced 
as shown in FIG. 7D. 

[0087] In a similar process to a process used for the 
upper body 150a, a lower body 150b of the optical 
pickup 150 is produced. The upper body 150a and the 
lower body 150b are joined together using an adhesive 
as shown in FIG. 7E. As a result, the movable enclosure 
105 and the fixed member 106 which are connected 
with the wire groups 1 12a and 1 12b can be obtained. 
[0088] After this, optical components, such as the 
objective lens 101, the semiconductor laser 102, and 
the photo detector 1 03, are built into the movable enclo- 
sure 115, so that the optical pickup 150 is eventually 
manufactured. 

[0089] In the above method, unnecessary portions 
to the right of the upper member 106a and of the lower 
member 1 06b are removed before the upper body 150a 
and the lower body 150b are joined together. However, 
it is possible to remove alt these unnecessary portions 
together after the upper body 1 50a and the lower body 
150b have been joined together. Also, optical compo- 
nents, such as the objective lens 101 , the semiconduc- 
tor laser 102, and the photodetector 103, may be 
positioned inside the movable enclosure 105 before the 
upper body 150a and the lower body 150b are joined 
together. 

[0090] Manufacturing the optical pickup body 
according to the above insert molding method has 
advantages as follows. 

(1) The molding process for the upper body 150a 
can be performed simultaneously with the connec- 
tion process for wire groups 1 12a, and the molding 
process for the lower body 150b can be performed 
simultaneously with the connection process for the 
wire groups 1 12b. By only joining the upper body 
150a and the lower body 150b together, the optical 
pickup 150 can be manufactured, and therefore 
processes such as soldering which requires a con- 
siderable amount of time and labor are no longer 
necessary. As a result, the manufacture process 
can be simplified, and so a manufacturing cost can 
be reduced. 

(2) A uniform thickness can be obtained for each 
wire making up each of the wire groups 1 12a and 
1 12b as each wire is manufactured from the same 
metal plate 120. As a result, variations in proper- 
ties, such as an elastic coefficient, of wires can be 
reduced. Moreover, when etching or presswork are 



performed for the metal plate, a-great number of 
wires can be manufactured at a time. This can also 
reduce a manufacturing cost of optical pickups. 
(3) A plurality of wires 113 and 114 can be easily 

5 handled because insert molding is performed for 

the wires 1 13 and 1 14 which are in a form of the 
metal plate 120', and unnecessary portions are 
removed later. In addition, the insert molding proc- 
ess can provide a uniform connection state of the 

10 wires 113 and 114 to the movable enclosure 105 
and to the fixed member 1 06 by achieving a uniform 
supporting length and a uniform stress for each 
wire. As a result, conventionally-generated varia- 
tions in the connection state between different opti- 

15 cal pickups due to processes such as the soldering 

can be reduced. As a result, optical pickups that 
can perform a write and a read that are more relia- 
ble can be achieved. 

20 Third Embodiment 

[0091] FIG. 8 shows a vertical section of an optical 

pickup 200 of the present embodiment. 

[0092] As shown in FIG. 8, the present optical 

25 pickup 200 includes a movable enclosure 206 into 
which the following components are positioned: an 
objective lens 201 ; an integrated component 202 con- 
taining a semiconductor laser and a photodetector 
which are formed on a semiconductor substrate; mirrors 

30 203a-203b; a hologram optical component 204; and 
driving coils 205. The movable enclosure 206 is sup- 
ported by sixteen supporting members 208 in a manner 
that allows the movable enclosure 206 to swing with 
respect to the fixed member 207. 

35 [0093] The fixed member 207 and a yoke 210 that 
holds magnets 21 1 are fixed on an optical base 209. 
Currents passed through the driving coils 205 inside the 
movable enclosure 206 interact with a magnet field gen- 
erated by the magnets 211, so that Lorentz forces are 

ao generated, and the movable enclosure 206 moves in the 
focusing direction and the tracking direction with respect 
to an optical recording medium 212. 
[0094] Fourteen supporting members 208, out of all 
the sixteen supporting members 208, are not shown in 

45 the figure because eight of them exist in the other half of 
the optical pickup 200 which is not shown in the figure, 
and six of them are hidden by two supporting members 
208 shown in this figure. Ends of the supporting mem- 
bers 208 at the side of the fixed member 207 are con- 

so nected via a flexible printed circuit or the like to circuits 
such as a control circuit. A light beam L2 in the figure 
shows a laser beam emitted by the semiconductor laser 
and a return beam which has been reflected on the opti- 
cal recording medium 212. 

55 [0095] FIG. 9 is a plan view showing the optical 
pickup 200 viewed from above. This figure does not 
show the optical base 209 and the magnets 21 1 shown 
in FIG. 8 to plainly show other components. As shown in 
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the figure, the supporting members 208 are positioned 
in parallel to one another and symmetrically with 
respect to a center line A-A' of the optical pickup 200. 
The supporting length of each supporting members 208 
is the same. These supporting members 208 are pro- 
duced together with the movable enclosure 206 and the 
fixed member 207 through the insert molding process. 
[0096] The supporting members 208 have different 
widths, with a supporting member positioned nearer to 
the center line A-A' being narrower, and changes in their 
widths take place symmetrically with respect to the 
center line A-A 1 . By giving different widths to the sup- 
porting members 208 in this way, different elastic coeffi- 
cients can be assigned to the supporting members 208. 
This can prevent all the supporting members 208 from 
having the same resonance frequency, and therefore 
reduce a resonance factor for a certain resonance fre- 
quency. Accordingly, abnormal resonance that can 
affect the precision with which the optical pickup 200 
perform a read/write can be suppressed. 
[0097] It is alternatively possible to change widths 
of the supporting members 208 in a manner that a 
member nearer the center line A-A* has a wider width 
although FIG. '9 shows the supporting members 208 in 
the opposite manner. The supporting members 208 are 
made of beryllium copper although they may be made 
of phosphor bronze or titanium copper, instead. 
[0098] The supporting members 208 are insulated 
from one another, and also used as power-supplying 
lines and signal lines for the semiconductor laser and 
the photodetector. 

[0099] FIG. 10 shows the fixed member 207 and 
the supporting members 208 in vertical section view 
obtained by cutting along the line B-B' in FIG. 9. 
[0100] As shown in the figure, ends of the support- 
ing members 208 are embedded into the fixed member 
207, which has a concave 21 3 on the side of the moving 
enclosure 206. The concave 213 is filled with a damping 
material 214 made of'UV-hardening silicon gel, which 
encloses base portions of the supporting members 208. 
This damping material 214 absorbs vibrations so that 
generation of resonance for each supporting member 
208 can be further suppressed. 

[0101] FIG. 11 is a section view obtained by verti- 
cally cutting the fixed member 207 along a line C-C 
shown in FIG. 10. As shown in the figure, base portions 
of eight supporting members 208 are present in each 
concave 213, which is contained on the left and right of 
the fixed member 209, so that resonance can be sepa- 
rately prevented on the right and left sides. 
[0102] The following describes a manufacturing 
method of the optical pickup 200 of the present embod- 
iment with reference to FIGs. 12A-12E. 
[0103] Etching or presswork are performed for a 
thin metal plate 217 as shown in FIG. 12A so that a first 
metal plate 218 is manufactured. Similarly, a second 
metal plate 219 is manufactured. The first and second 
metal plates 218 and 219 contain portions that are to 



form the supporting members 208. A presswork is per- 
formed for portions around "F" in FIG. 12B of the first 
metal plate 218 so as to raise, as shown in a magnified 
view of FIG. 12C, surfaces of terminal portions 218a- 
s 218b up to the height of the upper supporting member 
208 shown in FIG. 8. 

[0104] The first metal plate 218 and the second 
metal plate 219 are positioned, with the former lying 
below the latter. Predetermined portions of the first and 

w second metal plates 218 and 219 are sandwiched 
between molds of the movable enclosure 206 and the 
fixed member 207, and then an insert molding process 
is performed by injecting resins to them. As a result, a 
body of the optical pickup 200 can be obtained as 

is shown in FIG. 12D. 

[01 05] The above molds have shapes that allow the 
movable enclosure 206 and the fixed member 207 to be 
molded at the same time. As a result, the movable 
enclosure 206 and the fixed member 207 can be pro- 

20 duced through only one molding process. 

[01 06] As shown in FIG. 12D, surfaces of the por- 
tions 218a-218b and 2l9a-219b, which form a terminal 
area "T" of the optical pickup body, are all in the same 
vertical position because the terminal portions 218a- 

25 21 8b of the first metal plate 21 8 have been raised to the 
predetermined height. 

[0107] Following this, unnecessary portions around 
the movable enclosure 206 and the fixed member 207 
and unnecessary parts of the terminal portions 218a- 
30 218b and 219a-219b are cut, so that each of the sup- 
porting members 208 can be electrically insulated to be 
used as conductors. 

[0108] When the movable enclosure 206 and the 
fixed member 207 are simultaneously molded out of 
35 resins in this way, with the supporting members 20B 
being sandwiched between the molds of the movable 
enclosure 206 and the fixed member 207, it becomes 
possible to make a supporting length the same for all 
the supporting members 208 and therefore a uniform 
40 stress can be given to each supporting member 209. 
This prevents abnormal resonance from being gener- 
ated and stabilizes operations of the optical pickup 200. 
In addition, with the above manufacturing method, the 
supporting members 208 can be handled either than 
as when they are generated from wires, and greatly reduce 
their production cost. 

[0109] For the present optical pickup 200, opticaT\ 
components such as the objective lens 206, the semi- 
conductor laser, and the photodetector are positioned 
into the movable enclosure 206, so that their positional 
relationship can be always the same. As a result, degra- 
dation of optical properties of the present optical pickup 
200 due to lens aberration or the like can be prevented 
when the optical pickup 200 follows a track of the 
recording medium 212. In addition, abnormal reso- 
nance that affect a read by the optical pickup 200 can be 
prevented as the movable enclosure 208 is connected 
to the fixed member 207 via the supporting members 
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208 which have different widths and different elastic 
coefficients, which can reduce a resonance factor for a 
certain resonance frequency. 

[01 10] In the above embodiment, the insert molding 
process is performed for connecting the supporting 
members 208 to both the movable enclosure 206 and 
the fixed member 207. However, it is alternatively possi- 
ble to perform a soldering process, or use UV resins or 
melted glass, in order to connect the supporting mem- 
bers 208 to either the movable enclosure 206 or the 
fixed member 207. 

Fourth Embodiment 

[0111] FIG. 13 is a plan view of an optical pickup 
200 of the fourth embodiment of the present invention. 
The present optical pickup 200 differs from the optical 
pickup of the third embodiment in that the present sup- 
porting members 208 have the same width and in that 
the present fixed member 207 has a unique construc- 
tion to hold each supporting member 208. 
[0112] FIG. 14 is a vertical section view, which is 
obtained by cutting the fixed member 207 along a line 
D-D 1 in FIG. 13. As shown in the figure, eight concaves 

213 are provided inside the fixed member 207 and each 
concave encloses base portions of two supporting 
members 208 composed of an upper member and a 
lower member. Four types of damping materials 214, 
which are gel and have different viscoelasticities, are 
each filled into two out of the eight concaves 213 that 
exist symmetrically with respect to a line A-A\ This 
allows the supporting members 208 to have different 
resonance frequencies. 

[0113] As shown in FIG. 15, it is alternatively possi- 
ble to provide four concaves 21 3 that each enclose four 
supporting members 208 and fill two types of gel damp- 
ing materials 214 that have different viscoelasticities 
into the four concaves 213 so as to have a type of the 
damping material 21 4 to be filled into each concave 213 
differ symmetrically with respect to the center line A-A\ 
although in the case of FIG. 14, the damping materials 

214 of four types are filled into the eight concaves 21 3. 
[0114] The total number of types of damping mate- 
rials, and the number of supporting members 208 to 
which a damping material 214 of the same type is 
applied may vary, depending on the total number of the 
supporting members 208. 

[0115] In the present embodiment, a UV-hardening 
silicon gel material is used as the damping materials 
214, and beryllium copper is used for the supporting 
members 208. The supporting members 208, however, 
may be made of phosphor bronze, or titanium copper, 
instead. 

[0116] Each supporting member 208 is insulated, 
and used as a power-supplying line and a signal line for 
the semiconductor laser and the photodetector. 
[0117] For the present optical pickup 200, each 
optical component is positioned into the movable enclo- 



sure 206, and therefore stable optical properties can be 
obtained as in the third embodiment. At the same time, 
the present optical pickup 200 can perform an optical 
read/write with an increased precision as its supporting 
5 members 208 have different resonance frequencies to 
suppress unnecessary resonance. 

Fifth Embodiment 

io [0118] FIG. 16 shows a construction of an optical 
pickup 200 of the fifth embodiment of the present inven- 
tion in plan view. The present optical pickup 200 differs 
from the optical pickup of the third embodiment in that 
the supporting members of the present embodiment 

15 have a uniform width and in that two types of materials 
are used as these supporting members. More specifi- 
cally, beryllium copper is used as first supporting mem- 
bers 215, and phosphor bronze is used as second 
supporting members 216. The first supporting members 

20 215 consist of eight supporting members (two upper 
members and two lower members on each side of a 
center line A-A') positioned farther from the center line 
A-A' in FIG. 16, and the second supporting members 
216 consist of eight supporting members positioned 

25 closer to this center line A-A'. Since the first and the 
second supporting members 205 and 206 are. made of 
different materials, different resonance frequencies can 
be given to the first and the second supporting mem- 
bers 205 and 206. This can reduce a resonance factor 

30 for a certain frequency, and therefore suppress abnor- 
mal resonance that affect optical properties of the opti- 
cal pickup 200. The number of the supporting members 
in total, the number of the first supporting members 21 5, 
and the number of the second supporting members 21 5 

35 are not limited to the above, and other numbers may be 
alternatively set for these supporting numbers. 
[0119] Each of the first and second supporting 
members 215 and 216 is insulated from one another, 
and used as power-supplying lines and as signal lines 

40 for the semiconductor laser and the photodetector. 

[0120] FIG. 17 is a vertical section view, which is 
obtained by cutting the fixed member 207 along a line E- 
E* in FIG. 16. In a similar way to the third embodiment, 
two concaves 213 are provided inside the fixed member 

45 207, and base portions of four of the first and second 
supporting members 215 and 216 are present in each 
concave 213. A damping material 214, which is a UV- 
hardening silicon gel having viscoeiasticity, is filled into 
the two concaves 213 to absorb vibrations generated by 

so the first and second supporting members 215 and 216 
and suppress resonance. 

[0121] As in the third and fourth embodiments, the 
optical pickup 200 of the present embodiment also has 
stable optical properties as optical components are col- 
55 lectively positioned into the movable enclosure 206, and 
can perform an optical read with an increased precision 
as its supporting members 215 and 216 have different 
resonance frequencies to suppress unnecessary reso- 
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nance. 



Sixth Embodiment 



[0122] The present embodiment and the subse- s 
quent embodiment are unique in that each supporting 
member is composed of layers of different materials 
although in the above first to fifth embodiments, a sup- 
porting member is made of a single material. 
[0123] FIG. 18 shows a construction of an optica! io 
pickup 200 of the present embodiment in vertical sec- 
tion view, and FIG. 1 9 is a plan view of the optical pickup 
200. As shown in the figure, a movable enclosure 206 is 
supported by a fixed member 207 via eight supporting 
members 220, which are positioned symmetrically with 75 
respect to a center line A-A in FIG. 1 9, with four of them 
being positioned on the right and the other four on the 
left of the center line A-A'. Each supporting member 220 
has a layered construction as shown in FIG. 20. 
[0124] FIG. 20 is a vertical section view, which is 20 
obtained by cutting the fixed member 207 along a line 
G-G\ Each supporting member 220 has a layered con- 
struction composed of two metal members 221 and one 
insulating member 222, with the insulating member 222 
between the metal members 221. Each metal member 25 
221 is made of either phosphor bronze, beryllium cop- 
per, titanium copper, or the like, and is electrically insu- 
lated to be used as power-supplying lines and as signal 
lines for the semiconductor laser and the photodetector. 
[0125] As shown in FIG. 20, base portions of each 30 
supporting member 220 is embedded and fixed into the 
fixed member 207, which has two concaves 224 (see 
FIG. 21). A damping material 225, which is a UV-hard- 
ening silicon gel material having viscoelasticities as in 
the above embodiments, is filled into the two concaves 35 
224 to enclose and fasten base portions of four support- 
ing members 220 and absorb a vibration generated by 
each supporting member 220. 

[0126] FIG. 21 is a vertical section view obtained by 
cutting along a line H-H' in FIG. 19. As shown in the fig- 40 
ure, the fixed member 207 has the two concaves 224, 
and four supporting members 220 are present in each 
concave 224. 

[0127] The present optical pickup 200 also has d 
construction of the optical-component-integrated type.l 45 
so that the same positional relationship is maintained \ 
between an objective lens 201, and other optical com- V 
ponents such as a semiconductor laser, a photodetec- \ 
tor, and a mirror. This can prevent degradation in optical \ 
properties due to lens aberration which is generated^so 
when the optical pickup 200 follows a track of the 
Recording medium 212. 

^0128] In addition, the number of the supporting 
members 220 can be reduced since each of them 
includes two metal members 221 which are electrically 55 
insulated by the insulating member 222, and the two 
metal members 221 can be used as power-supplying 
lines and signal lines for the semiconductor laser and 



the photodetector. As a single supporting member 208 
can be used as two lines in this way, a size of the whole 
optical pickup 200 can be reduced. It should be clear 
that the number of such lines can be increased by 
increasing the number of layers of metal members and 
insulating members contained in each supporting mem- 
ber 220. 

[0129] When the stated gel damping material is 
used as the insulating members 222, unnecessary 
vibrations generated by each supporting member 220 
can be absorbed by these insulating members 222, and 
therefore generation of unnecessary resonance can be 
minimized. 

[0130] For the present optical pickup 200 also, the 
insert molding process may be performed by sandwich- 
ing predetermined portions of the supporting members 
220 between molds of the movable enclosure 206 and 
the fixed member 207. This not only allows the support- 
ing members 220 to have a uniform supporting length 
and to be given a uniform stress, but also minimizes var- 
iations in assembled optical pickups. 
[0131] In the present embodiment, each supporting 
member 220 has substantially the same resonance fre- 
quency as each of them is of the same size and is made 
of the same combination of materials. The aforemen- 
tioned use of the damping material as insulating mem- 
bers 222 suppresses resonance to some extent, but not 
completely. Accordingly, it is desirable to make each 
supporting member 220 have a different resonance fre- 
quency using certain methods, regardless of the above 
use of the damping material as insulating members 
222. 

[01 32] A variety of methods can be used to achieve 
this, but the present embodiment describes the follow- 
ing four methods as example modifications: (1) provid- 
ing different widths to the supporting members 202; (2) 
providing cross sectional areas of different sizes to the 
supporting members 202; (3) use of different damping 
materials applied to the supporting members 220; and 
(4) use of different materials for different supporting 
members 220. 

[0133] FIGs. 22-24 are vertical section views 
obtained by cutting the fixed member 207 along the line 
G-G' in FIG. 1 9 for each modification example. 

(1) Providing a Different Width 

As shown in FIG. 22, supporting members 202, 
which can be divided into two types according 
to their widths, are positioned symmetrically 
with respect to the center line A-A' of the optical 
pickup 200 shown in FIG. 19. As a result, at 
least two resonance frequencies can be given 
to the eight supporting members 220. In the fig- 
ure, four supporting members 220 closer to the 
center have a narrower width than other four 
members 220 farther from the center. However, 
it is alternatively possible to position supporting 
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members 220 of a narrower width farther from 
the center. Note that when the total number of 
the supporting members 220 is higher than 
eight, these supporting members 220 may be 
positioned according to their widths in a man- 
ner other than the above. 

(2) Providing a Cross Sectional Area of a Different 
Size 

As shown in FIG. 23, two types of section 
areas, which are similar figures of a different 
size, are provided to the supporting members 
208. These supporting members 208 of the two 
types are positioned symmetrically with 
respect to the center line A-A' of the optical 
pickup 200. As a result, different resonance fre- 
quencies can be given to the eight supporting 
members 220. 

(3) Use of Different Damping Materials 

As shown in FIG. 24, four concaves 226 and 
227 are provided inside the fixed member 207, 
with two upper and lower supporting members 
being present in each concave. Two types of 
damping materials 228a and 228b which have 
different elasticities are filled into the concaves 
226 closer to the center line A-A' and into the 
concaves 227 farther from the center line A-A', 
respectively. 

(4) Use of Different Materials as Supporting Mem- 
bers 

The same damping material is filled into ail the 
concaves 226 and 227 in FIG.24, but a material 
of the metal member 221 and/or that of the 
insulating member 222 may differ between: (a) 
four supporting members 220 closer to the 
center line A-A'; and (b) other four supporting 
members 220 farther from the center line A-A'. 
As a result, different resonance frequencies 
can be given to the four inner supporting mem- 
bers 220 and the other four supporting mem- 
bers 220 farther from the center line A-A'. 

[01 34] In this way, due to the above constructions, a 
different resonance frequency can be given to each 
of:(a) four inner supporting members 220 closer to the 
center; and (b) four outer supporting members 220 far- 
ther from the center. This reduces a resonance factor for 
a certain frequency, and therefore effectively, prevents 
degradation in precision with which the optical pickup 
200 performs a read and a write. 



Seventh Embodiment " 

[0135] The optical pickup 200 of the present 
embodiment differs from that of the sixth embodiment in 

5 a shape and a layered construction of supporting mem- 
bers. More specifically, supporting members of the 
present embodiment has a layered construction in 
which different materials are layered concentrically, 
although in the sixth embodiment, different materials 

10 are layered only in one direction. 

[0136] FIG. 25 shows base portions of the support- 
ing members 230 in cross section view, which is 
obtained by cutting the same position as when the cross 
section of FIG. 21 is obtained in the sixth embodiment. 

15 [0137] As shown in the figure, each supporting 
member 230 is shaped like a cylinder, and composed of 
a metal pipe 231, an insulating material 233 of a cylin- 
drical shape, and a metal core 232. The metal pipe 231 
encloses the metal core 232, and the insulating material 

20 233 is inserted between the metal pipe 231 and the 
metal core 232. 

[0138] FIG. 26 is a vertical section view, which is 
obtained when the construction shown in FIG. 25 is cut 
along a line l-l'. Base portions of the supporting mem- 
25 bers 230 are embedded and fixed into the fixed member 
207, and a concave 234 exists next to the embedded 
base portions. A damping material 235 is filled into the 
concave 234 to absorb a vibration of each supporting 
member 230. 

30 [0139] When a damping material is used as the 
insulating materials 233, they can absorb not only verti- 
cal and horizontal vibrations as in the sixth embodiment, 
but also vibrations in every other direction due to the 
layered construction of the present supporting members 

35 230, in which different materials are concentrically lay- 
ered. In addition, these supporting members 230 can be 
used as sixteen signal lines and power-supplying lines 
by having each supporting member 230 electrically 
insulated. It should be clear that the number of such 

40 lines further increases if the number of layers of the 
metal pipes and the insulating materials that make up 
each supporting member 230 are increased. 
[0140] Note that it is possible in the present embod- 
iment also, to use supporting members that are different 

45 in their diameters or in materials, and to position these 
supporting members of different types symmetrically 
with respect to the center line of the fixed member 207. 
Alternatively, damping materials of different types may 
be filled into the concaves 234 symmetrically with 

so respect to the center of the fixed member. This makes a 
resonance frequency differ between: (a) four inner sup- 
porting members 230 closer to the center; and (b) four 
outer supporting members 230 farther from the center, 
and therefore can reduce a resonance factor for a cer- 

55 tain frequency. Accordingly, it becomes possible to 
effectively prevent degradation in precision with which 
the optical pickup 200 performs a write and a read. 
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^ Eighth Embodiment 

[0141] FIG. 27 shows a construction of an optical 
pick 300 of the present embodiment in perspective view. 
The present optical pickup 300 includes the following: a 5 
movable enclosure 301, which is movable and carries 
an objective lens 313 and a light emitting/receiving com- 
ponent substrate (not shown in the figure) onto which a 
semiconductor laser and a photodetector are inte- 
grated; a fixed member 302 that is fixed to an optical w 
base (not shown in the figure); and sixteen elastic sup- 
porting members 303, which are electrically conductive 
and connect the movable enclosure 301 with the fixed 
member 302 in a manner that allows the movable enclo- 
sure 301 to move. 75 
[0142] Driving coils 304 are positioned into the 
movable enclosure 301 . The driving coils 304 consist of 
a focusing coil 304a that moves the movable enclosure 
301 in the focusing direction, and of a tracking coil 304b 
that moves the movable enclosure 301 in the tracking 20 
direction. 

[0143] Two magnets 305a and 305b are positioned 
inside a yoke 317 in a manner that their opposite mag- 
netic poles face each other. Hereafter, the two magnets 
305a and 305b are collectively called magnets 305. 25 
Together with the driving coils 304, the magnets 305 
form a magnetic circuit for generating magnetic force in 
the focusing direction and the tracking direction. The 
yoke 31 7 is fixed onto the optical base. 
[0144] In this specification, a direction that is per- 
pendicular to both the tracking direction and the focus- 
ing direction is called a "fore/aft direction". For the 
present optical pickup 300, a position of supporting 
points at which the sixteen supporting members 303 1 
support the movable enclosure 301 are placed in almost 
the same position as, in this fore/aft direction, where a 
power point at which a magnetic force is exerted to the 
driving coil 304. At the same time, the center of the 
gravity of the movable enclosure 301 in the fore/aft 
direction is placed in almost the same position where 40 
the above supporting points exist These position 
adjustments are performed, for instance, by making 
adjustments to component shapes and by loading 
weights into the optical pickup 300. The sixteen wires^ 
303 are insulated from one another, and their ends on 45 
the side of the movable enclosure 301 are electrically 
connected to the semiconductor laser and the photode- 
tector on the light emitting/receiving component sub- 
strate, and the driving coils 304 while other ends on the \ 
side of the fixed member 302 are connected to a signal jo 
processing circuit (not shown in the figure). — 
-[01 45] The following describes an internal construc- 
tion of the movable enclosure 301 . FIG. 28 shows a sim- 
plified internal construction in vertical section view 
obtained by vertically cutting the present optical pickup 55 
300 along the line A-A* in FIG. 27. As shown in the fig- 
ure, the movable enclosure 301 contains the light emit- 
ting/receiving component substrate 306, onto which the 
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semiconductor laser and the photodetecTbr are inte- 
grated. A first reflecting surface 310 is positioned in an 
optical path of a laser beam emitted by the semiconduc- 
tor laser. The first reflecting surface 310 has a reflecting 
hologram region 308, which is formed through etching 
or a resin molding process. The first reflecting surface 
310 and the objective lens 31 3 are integrally molded as 
an objective- lens/hologram component 314, which is 
molded out of transparent materials such as resins and 
is fitted into the movable enclosure 301 . 
f [0146] Optical components are positioned and fixed 
inside the movable enclosure 301 so as to move a laser 
beam emitted by the semiconductor laser as follows. A 
V second reflecting surface 31 1 is positioned in parallel to 
the first reflecting surface 31 0 and in an optical path of 1 
the laser beam reflected by the first reflecting surface \ 

310. The beam reflected by the second reflecting sur- \ 
/ face 31 1 is focused by the objective lens 31 3 on an opti- \ 
^-eal recording medium 318. 

[0147] With respect to the optical recording medium 
318, the objective lens 313 has a focal distance that is 
suitable for its numerical aperture (NA) required for a 
playback of the optical recording medium 318. With the 
present optical pickup 300, the reliability of. the optical 
system can be obtained as the light emitting/sending 
component substrate 306 is inside the movable enclo- 
sure 301 , which is sealed by the objective-lens/holo- 
gram component 314. 

[0148] The following describes operations of the 
optical pickup 300. 

[0149] The semiconductor laser in the movable 
enclosure 301 emits a laser beam, which is first 
reflected by the first reflecting surface 310 and then by 
the second reflecting surface 311 so that the beam 
enters into the objective lens 313. As the first reflecting 
surface 31 0 is in parallel to the second reflecting surface 

31 1 , the principal ray of the laser beam emitted by the 
semiconductor laser becomes parallel to that of the 
laser beam entered into the objective lens 313; A width 
of the laser beam is enlarged in accordance with the 
length of the optical path of this laser beam between the 
first reflecting surface 310 and the second reflecting 
surface 31 1 . 

[0150] This beam whose width has been enlarged 
enters into the objective lens 313, and is focused onto 
the recording layer of the optical recording medium 31 8. 
[0151] This beam is reflected by the optical record- 
ing medium 318 so that a return beam passes through 
the objective lens 313 again, and is reflected by the sec- 
ond reflecting surface 311, and reflected and diffracted 
by the reflecting hologram region formed on the first 
reflecting surface 310. The diffracted return beam is 
focused on the photodetector on the light emit- 
ting/receiving component substrate 306, and the return 
beam is detected as a focusing error detection signal, a 
tracking error detection signal, and an information 
recorded signal. 

[0152] FIG. 29 shows this reflecting hologram 
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region 308. As shown in the figure, the reflecting holo- 
gram region 308 is divided by a dividing line 308c that is 
substantially parallel to tracks of the optical recording 
medium 318 into two hologram subregions 308a and 
308b which reflect and diffract the return beam. The 
reflecting hologram region 308 has a wavef ront convert- 
ing function (i.e., lens effect) so as to provide a different 
focal distance to a positive first-order diffracted light and 
a negative first- order diffracted light which are diffracted 
by the same hologram subregion. The reflecting holo- 
gram region 308 also has a curve pattern which is deter- 
mined in consideration of incident angle dependency 
when the beam is reflected. The hologram subregions 
308a and 308b have diffraction gratings whose pitches 
are different so as to provide a different diffraction angle 
between the subregions 308a and 308b. 
[0153] FIG. 30 shows a construction of the light 
emitting/receiving substrate 306 in perspective view. 
The semiconductor laser 312 and a photodetector sub- 
strate 315 are positioned onto the light emitting/receiv- 
ing substrate 306. Three-part split photodetectors 315a- 
315d are provided onto the photodetector substrate 315 
so that positive first-order diffracted lights and negative 
first-order diffracted lights, which have been diffracted 
by the hologram subregions 308a and 308b, are 
focused onto these photodetectors 315a-315d. Detec- 
tion of the focusing error is performed using the photo- 
detectors 315a-315d according to the Spot Size 
Detection method, with which changes in spot diame- 
ters of the positive and negative first-order diffracted 
lights are detected. Detection of the tracking error is 
performed according to the Push-Pull method, with 
which differentials of values obtained at the photodetec- 
tors 31 5a-31 5d are used. 

[0154] A current is supplied to the focusing coil 
304a in accordance with the focusing error detected by 
the photodetectors 315a-315d on the photodetector 
substrate 315 so that the focusing coil 304a positioned 
in a magnetic circuit is driven, and moves the movable 
enclosure 301 in a direction of an optical axis of the 
objective lens 313. In this way, the optical pickup 300 
performs focusing servo, that is, focusing the laser 
beam onto the recording layer of the optical recoding 
medium 318. After this, a current is supplied to the 
tracking coil 304b in accordance with the tracking error 
which has been obtained based on results of light 
reception by the photodetectors 31 5a-31 5d. A magnetic 
driving force is then exerted to the tracking coil 304b, 
which then moves the movable enclosure 301 in the 
tracking direction. In this way, the optical pickup 300 
performs tracking servo, that is, repositions the laser 
beam on a track, from which data should be read. After 
this, the photodetectors 315a-315d detect an informa- 
tion recorded signal. 

[0155] The present embodiment states that the 
optical pickup 300 has the sixteen elastic supporting 
members 303 which are electrically conductive. How- 
ever, the number of the elastic supporting members 303 



do not have to be sixteen, and may be a different 
number which may be determined in accordance with a 
necessary number of signal lines. Also, it is not neces- 
sary to use all the elastic supporting members 303 as 

5 the power-supplying lines and signal lines. However, it 
should be clear that the present optical pickup 300 has 
the elastic supporting members 303 whose number is 
large enough to absorb external perturbations so as to 
suppress external perturbations. Also, the number of 

to the elastic supporting members 303 should be prefera- 
bly an even number or an integral multiple of four, and 
the supporting members 303 of the same number 
should be disposed symmetrically with respect to a 
center line, which is present in the vertical direction or 

75 the horizontal direction, of the optical pickup 300. 

[0156] The above embodiment states that the opti- 
cal pickup 300 has the movable enclosure 301 that car- 
ries the objective- lens/hologram component 314, into 
which the objective lens 313 and the first reflecting sur- 

20 face 310 are formed integrally, and that the first reflect- 
ing surface 310 has the reflecting hologram region 308. 
However, the reflecting hologram region 308 may be 
alternatively formed on the second reflecting surface 
311, and the objective-lens/hologram component 314 

25 may be separate optical components. More specifically, 
a reflecting .hologram optical component, the first 
reflecting surface, and the second reflecting surface, 
and the objective lens may each be a separate optical 
component, or at least two of these components may be 

30 formed integrally so as to reduce the number of optical 
components and thereby cut down a number of neces- 
sary steps for alignment process. 
[0157] The above embodiment states that the first 
reflecting surface 310 is placed in parallel to the second 

35 reflecting surface 31 1 although this is not necessarily 
the case if the laser beam vertically enters into the 
objective lens 313. Also, the number of such reflecting 
surfaces is not limited to two, and may be one or more 
than two. However, it should be clear that by positioning 

40 the two reflecting surfaces 310 and 311 in parallel to 
one another, a constant distance can be kept between a 
principal ray of a laser beam incident on the first reflect- 
ing surface 310, and a principal ray of a laser beam 
reflected by the second reflecting surface 311 regard- 

45 less of the position of the semiconductor laser 312. 
When the two reflecting surfaces 310 and 31 1 are par- 
allel in this way, it becomes also possible to position the 
principal ray of the laser beam incident on the first 
reflecting surface 310 in parallel to the principal ray of 

so the laser beam reflected by the second reflecting sur- 
face 31 1 , so that only relatively low precision is required 
to assemble optical pickups. 

[0158] In the above embodiment, the semiconduc- 
tor laser 312 is integrated with the photodetector sub- 
55 strate 315 that contains. the photodetectors 315a-315d 
for detecting the tracking and focusing errors in a hybrid 
manner. However, the semiconductor laser 312 may be 
formed on the photodetector substrate 315 in a mono- 



15 

BNSDOCID: <EP 1089268A2_I_> 



29 



EP 1 089 268 A2 



30 



0 



Ifthic manner, or the semiconductor laser 312 and the 
photodetector substrate 315 may be separately pro- 
vided. It is also possible to form, on the photodetector 
substrate 315, a concave that contains a reflecting sur- 
face having a 45-degree gradient, and position in the 
concave a semiconductor laser of an end-face emission 
type, instead of the s e mico n ductorl ase r 312. 
[01 59] The semiconductor laser 312 may be a senrvj 
(conductor component with a uniform wavelength range, ^ 
two or more semiconductor lasers that each have a dif- 
ferent wavelength band, or a monolithic multi-wave- 
length semiconductor laser having emission points that 
correspond to at least two different wavelength ranges. 
When laser beams has more wavelength bands, the 
optical pickup 300 can perform a reproduction and a 
recording for more types of optical recording media by 
selecting a different wavelength suited to each record- 
jng medium type. ~ ^ ~ — " — 



[0160] Further," trie semiconductor laser 312 may 
be replaced with two or more semiconductor lasers that 
each have a different light output (light emission power), 
or a monolithic multi-wavelength semiconductor laser 
that has emission points corresponding to at least two 
different light outputs. When a high-powered semicon- 
ductor laser operates in low power for a reproduction of 
an optical recording medium, a high-frequency (HF) 
multiplexing processing is usually necessary so as to 
reduce noise of a return light. On the other hand, a low- 
powered semiconductor laser has a self-excited oscilla- 
tion function, and therefore does not require such HF 
multiplexing processing during reproduction of an opti- 
cal recording medium. Accordingly, when an optical 
pickup includes two semiconductor lasers having differ- 
ent light outputs so that the two semiconductor lasers 
are selectively used according to whether a recording or 
a reproduction is performed, both a recording and a 
reproduction can be performed without the HF multi- 
plexing circuit being installed in the periphery of the 
optical pickup.____ 

~[0161] It is also possible to provide, on the photode- 
tector substrate 315, an integrated circuit for performing 
operations relating to the focusing error detection signal 
and the tracking error detection signal. Such operations 
include a conversion, a calculation, and a selection of a 
current and a voltage for these signals. This can simplify 
a construction of an optical recorder/player that has the 
optical pickup since the above integrated circuit does 
not need to be placed outside the optical pickup. 
[0162] Optical components such as the objective 
lens and the hologram optical component may be made 
of materials other than resins, such as glass instead. 
However, shaping can be more freely performed with 
resins than with glass, and therefore the use of resins 
makes it easier to shape fringes, for instance, that are 
used to bond and fix the components to the movable 
enclosure, and to combine one optical component with 
another. 

[0163] The following describes a manufacturing 
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method of the optical pickup 300 of the present embod- 
iment. FIG. 31 shows the manufacturing process of the 
present optical pickup 300, 

[0164] Two conductive plates 321a and 321b are 
used to form the elastic supporting members 303. For 
instance, the plates 321a and 321b are made of phos- 
phor bronze, titanium copper, or beryllium copper. By 
performing etching or presswork for these plates 312a- 
312b to remove predetermined portions from the plates 
312a-312b, an upper member 322b and a lower mem- 
ber 322a, which are to form the upper and lower elastic 
supporting members 303, can be obtained. 
[01 65] Portions closer to the end of the upper mem- 
ber 322b are bent on the side of the movable enclosure 
301 using a bending mold (not shown in the figure) so 
as to make the surface of the bent portions has about 
the same height as a surface of the lower member 322a. 
This facilitates electrical wiring processes such as for 
bonding wires and bumps, and shortens the distance 
from terminal portions of the supporting members 303 
to the semiconductor laser 306 & the photodetector 
substrate 31 5, so that the necessary length of the bond- 
ing wires can be reduced. It is alternatively possible to 
bend end portions of the lower member 322b or end 
portions of both the upper member 322b and the lower 
members 322a, or omit the bending process according 
to the layout and the state of the installment of the sem- 
iconductor laser 312 and the photodetector substrate 
315. 

[0166] Following this, the lower member 322a is 
horizontally placed on a bottom mold (not shown in the 
figure), and then side molds are applied from rightward 
and leftward with respect to a direction in which the 
elastic supporting members 303 extends. As a result, 
parts of the bottom mold and the side molds are in con- 
tact in a manner that the bottom mold holds up the lower 
member 322a and that the side molds press down the 
lower member 322a. After this, the upper member 322b 
is placed on the side molds, and then a top mold (not 
shown) covers the top. As a result, parts of the top mold 
and the side molds are in contact in a manner that the 
side molds hold up the upper member 322b and that the 
top mold presses down the upper member 322b. 
[0167] After this, the insert molding process is per- 
formed using resins while the lower member 322a and 
the upper member 322b are firmly fixed by the above 
molds (in step (a) in FIG. 31) to form the movable enclo- 
sure 301 and the fixed member 302 in predetermined 
positions in a manner that they sandwich the elastic 
supporting members 303. Following this, the light emit- 
ting/receiving component substrate 306 is installed into 
the movable enclosure 301, and the second reflecting 
surface 311 is formed. The objective -lens/ho log ram 
component 314 is then fitted into the movable enclosure 
301 , and the driving coils 304 are installed. After this, 
the elastic supporting members 303 are electrically con- 
nected to electrical terminals inside the movable enclo- 
sure 301 using solder, bonding wires, or the like. 
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[0168] After this, unnecessary portions, such as 
frame-like portions, of the upper member 322b and the 
lower member 322a are removed to electrically sepa- 
rate each supporting member 303 (step (b) in the fig- 
ure). As a result, the elastic supporting members 303 
can be used as power-supplying lines for the semicon- 
ductor laser 312, the photodetector 31 5, and the driving 
coil 304, and as signal lines for detection signals from 
the photodetector 315. 

[0169] Following this, viscoelastic materials (not 
shown in the figure) are filled into concaves 320 (see 
FIG. 27) in the fixed member 302 so as to suppress res- 
onance. Lastly, the fixed member 302 is fixed onto the 
optical base (not shown), on which the yoke 317 sup- 
porting the magnets 305 is fixed. 

[0170] Note that the process in step (b) to remove 
the unnecessary portions may be performed before the 
optical system is installed, or after the fixed member 
302 has been fixed onto the optical base. 
[0171] As described above, with the present manu- 
facturing method for the optical pickup 300, the movable 
enclosure 301 and the fixed member 302 are molded 
together out of resins with the lower member 322a and 
the upper member 322b being fixed with the molds dur- 
ing the molding process. As a result, a process to con- 
nect the movable enclosure 301 and the fixed member 
302 with the elastic supporting members 303 no longer 
needs to be independently performed, and distortions of 
the elastic supporting members 303 due to resin flows 
and shrinkages during a resin molding process can be 
reduced. In addition, with this manufacturing method, 
variations in properties of assembled optical pickups 
can be suppressed, and production efficiency is 
enhanced. 

[0172] The above embodiments have been used to 
describe the optical pickup and the manufacturing 
method for this optical pickup of the present invention, 
although it should be clear that the present invention is 
not limited to these embodiments. For instance, the fol- 
lowing modifications are possible. 

(1) The optical pickup described in the eighth 
embodiment has a construction of the so-called 
"moving-coil type actuator", for which the driving 
coils 304 are positioned into the movable enclosure 
301, and the magnets 306 are positioned onto the 
optical base. However, the present optical pickup 
may alternatively have a construction of the so- 
called "moving-magnet type actuator" for which 
driving coils are positioned onto the optical base 
and magnets are positioned into the movable enclo- 
sure 301. 

(2) In the above embodiments, an objective lens, a 
semiconductor laser, and a photodetector are con- 
tained in a movable member, and each of the plural- 
ity of supporting members are electrically 
conductive. However, every supporting member 
does not have to be electrically conductive, and 



instead at least supporting members to be con- 
nected to the semiconductor laser may be electri- 
cally conductive. Especially for an optical pickup 
used only for recording, the photodetector does not 

5 have to be contained in the movable member, and 

therefore it is sufficient that at least two supporting 
members to be connected to the semiconductor 
laser are electrically conductive. Further, all the 
supporting members do not have to be electrically 

70 insulated from one another, and it is sufficient that 
only supporting members which function as lines to 
conduct power and/or a signal are insulated from 
one another. 

(3) The sixth and seventh embodiments state that 
15 all the supporting members have layer construc- 

tions composed of a metal member and an insulat- 
ing member. However, it is possible that only some 
of all the supporting members have a layer con- 
struction. 

20 (4) The above embodiments state that base por- 

tions of all the supporting members are surrounded 
by a damping material on the side of the fixed mem- 
ber. However, resonance can be suppressed to 
some extent even when a base portion of at least 

25 one supporting member is surrounded by the 
damping material. 

[0173] Although the present invention has been 
fully described by way of examples with reference to 

30 accompanying drawings, it is to be noted that various 
changes and modifications will be apparent to those 
skilled in the art. Therefore, unless such changes and 
modifications depart from the scope of the present 
invention, they should be construed as being included 

35 therein. 

Claims 

1. An optical pickup, comprising: 

40 

a semiconductor laser for emitting a laser 
beam; 

an objective lens for focusing the emitted laser 
beam on an optical recording medium; 
45 a first member for carrying at least the semi- 

conductor laser and the objective lens; 
a second member; and 

a plurality of supporting members that are elas- 
tic and each contain a first portion and a see- 
so ond portion which are respectively connected 
to the first member and the second member, 
wherein the second member supports the first 
member via the plurality of supporting mem- 
bers in a manner that allows the first member to 
55 move in predetermined directions with respect 
to the second member, 

wherein the plurality of supporting mem- 
bers include at least two supporting members 
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that are electrically conductive, and 

wherein the at least two electrically con- 
ductive supporting members include electri- 
cally conductive supporting members that 
function as lines to conduct power to the semi- 5 
conductor laser. 

2. The optical pickup of Claim 1 , 

wherein the at least two electrically conduc- 
tive supporting members are insulated from one w 
another. 

3. The optical pickup of Claim 1, 

wherein the supporting members that func- 
tion as the lines to conduct power have a larger sur- 15 
face area than other electrically conductive 
supporting members. 

4. The optical pickup of Claim 1 , 

wherein a number of the plurality of support- 20 
ing members is at least six, and 

wherein the plurality of supporting members 
are substantially parallel in a longitudinal direction 
of the plurality of supporting members. 

25 

5. The optical pickup of Claim 1 , 

wherein the second member contains a con- 
cave in which a base portion of at least one sup- 
porting member is present and 

wherein the concave is filled with a damping 30 
material that has viscoelasticity so that the base 
portion is surrounded by the damping material. 

6. The optical pickup of Claim 5, 

wherein the damping material is made of 35 
ultraviolet-hardening silicon gel. 

7. The optical pickup of Claim 1 , 

wherein the plurality of supporting members 
include a first supporting member and a second 40 
supporting member that have different mechanical 
resonance frequencies. 

8. The optical pickup of Claim 7, 

wherein the first supporting member and the 45 
second supporting member are differently shaped. 

9. The optical pickup of Claim 7, 

wherein the first supporting member and the 
second supporting member have different widths in so 
a direction perpendicular to a longitudinal direction 
of the plurality of the supporting members. 

10. The optical pickup of Claim 7 f 

wherein the first supporting member and the 55 
second supporting member are made of different 
materials. 



11. The optical pickup of Claim 1 , ~ 

wherein the plurality of supporting members 
are divided into a plurality of groups, 

wherein the second member has a plurality 
of concaves, in each of which base portions of sup- 
porting members of a same group are present, and 

wherein the plurality of concaves are filled 
with at least two types of damping materials that 
have different viscoelasticity. 

12. The optical pickup of Claim 1, 

wherein each of the at least two electrically 
conductive supporting members is made of one of 
phosphor bronze, beryllium copper, and titanium 
copper. 

13. The optical pickup of Claim 1, 

wherein each of the plurality of supporting 
members is composed of a plurality of submem- 
bers. 

14. The optical pickup of Claim 13, 

wherein each submember is a wire, and a 
plurality of wires in each supporting member are 
positioned closely together. 

15. The optical pickup of Claim 1, 

wherein each of the plurality of supporting 
members is composed of layers of at least two 
types of members. 

16. The optical pickup of Claim 15, 

wherein the at least two types of members 
include a metal plate and an insulating plate and 

wherein at least two metal plates and at least 
one insulating plate are alternatively layered to form 
each supporting member. 

17. The optical pickup of Claim 16, 

wherein each insulating plate is made of a 
damping material that has viscoelasticity. 

18. The optical pickup of Claim 15, 

wherein the at least two types of members 
are a metal member and an insulating member, and 

wherein the metal member and the insulat- 
ing member are cylindrical, and at least two metal 
members and at least one insulating member are 
alternatively and coaxially layered to form each 
supporting member. 

19. The optical pickup of Claim 1 5, 

wherein the plurality of supporting members 
include at least two types of supporting members 
that have different cross -sectional shapes. 

20. The optical pickup of Claim 1 5, 

wherein the plurality of supporting members 
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include at least two types of supporting members 
that have cross sections of different sizes. 

21. The optical pickup of Claim 1, 

wherein at least one of the first member and 
the second member is connected to each of the at 
least two electrically conductive supporting mem- 
bers by solder joints, and 

wherein an amount of each solder joint is 
adjusted so that each electrically conductive sup- 
porting member has a same supporting length, the 
supporting length being between the first portion 
and the second portion. 

22. The optical pickup of Claim 1, 

wherein the first member and the second 
member are made of resins. 

23. The optical pickup of Claim 22, 

wherein the first portion of each supporting 
member is embedded into the first member to con- 
nect the supporting member with the first member. 

24. The optical pickup of Claim 1, further comprising 

driving means that has two driving coils that 
generate a driving force to move the objective 
lens in a focusing direction and a tracking direc- 
tion, 

wherein the two driving coils are posi- 
tioned in the first member in an approximately 
central portion in a direction perpendicular to: 
(a) a direction of an optical axis of the objective 
lens; and (b) a longitudinal direction of the sup- 
porting members. 

25. The optical pickup of Claim 24, 

wherein out of the plurality of supporting 
members, at least six supporting members are 
electrically conductive, 

wherein the plurality of supporting members 
are positioned symmetrically with respect to a posi- 
tion at which the driving coils are positioned, with a 
number of supporting members on each side of the 
position being the same, and 

wherein on each side of the position, at least 
two of the at least six electrically conductive sup- 
porting members are positioned closer to the driv- 
ing coils than other supporting members. 

26. The optical pickup of Claim 1 , 

wherein the first member further contains: 



has been reflected by the first surface, toward 
the objective lens, and 

wherein the first surface and the second 
surface are parallel. 

5 

27. The optical pickup of Claim 26, 

wherein the first member further contains a 
photodetector, which is positioned apart from the 
semiconductor laser and 

w wherein the first surface has a reflecting 

hologram region, 

wherein the second surface also reflects a 
return beam which has been reflected by the 
recording medium, and 

15 wherein the reflecting hologram region 

receives the return beam reflected by the second 
surface, and diffracts the received return beam to 
have the photodetector receive the diffracted return 
beam. 

20 

28. A method for manufacturing an optical pickup, the 
optical pickup including: 

a first member that carries optical components, 
25 which include: (a) a semiconductor laser com- 

ponent that emits a laser beam; and (b) an 
objective lens that focuses the laser beam onto 
an optical recording medium; 
a second member; and 
30 a plurality of supporting members that connect 

the first member with the second member in a 
manner that allows the first member to move, 
the method including: 

a supporting member positioning step for posi- 
35 tioning at least six supporting members 

between the first member and the second 
member, the first member and the second 
member being positioned at a predetermined 
interval; and 

40 a supporting member connecting step for con- 

necting each supporting member to the first 
member and to the second member so as to 
have a substantially uniform stress distributed 
to each supporting member. 

45 

29. The method of Claim 28, 

wherein the plurality of supporting members 
are electrically conductive and 

wherein the supporting member connecting 
so step contains a step for soldering at least one end 
of each supporting member to at least one of the 
first member and the second member. 



a first reflecting means that has a first surface 
which reflects a laser beam emitted by the ss 
semiconductor laser; and 
a second reflecting means that has a second 
surface which reflects the laser beam, which 



30. The method of Claim 28, 

wherein the supporting member connecting 
step contains a step for connecting at least one end 
of each supporting member to at least one of the 
first member and the second member, using ultravi- 
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olet-hardening resins. 

31. The method of Claim 28, 

wherein the supporting member connecting 
step contains a step for connecting at least one end 5 
of each supporting member to at least one of the 
first member and the second member, using melted 
glass. 

32. A method for manufacturing an optical pickup, the 
optical pickup including: 

a first member that carries optical components, 
which include: (a) a semiconductor laser com- 
ponent that emits a laser beam; and (b) an 
objective lens that focuses the laser beam onto 
an optical recording medium; 
a second member; and 

a plurality of supporting members that connect 
the first member with the second member in a 
manner that allows the first member to move, 
the method including: 

a plate processing step for processing two 
electrically conductive plates to form two struc- 
tural members that have a shape of a plurality 
of supporting members linked to an outer part 
of each conductive plate; and 
a first member forming step for having the two 
structural members held so that a predeter- 
mined positional relationship between the two 
structural members can be maintained, and 
forming at least the first member, out of the first 
member and the second member, in predeter- 
mined portions of the plurality of supporting 
members. 



wherein the plate processing -step further 
includes a step for performing a bending process 
on portions of supporting members in at least one 
of the two structural members. 

38. The method of Claim 32, 

wherein in the first member forming step, the 
first member and the second member are simulta- 
neously molded out of resins in a manner that the 
predetermined portions of the plurality of support- 
ing members are embedded in the first member 
and the second member. 
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33. The method of Claim 32, further including a remov- 
ing step for removing unnecessary portions, which 
include the outer part, from each of the two struc- 
tural members, the removing step following the first 40 
member forming step. 



34. The method of Claim 32, further including an optical 
component positioning step for positioning the opti- 
cal components into the first member, which has 45 
been formed in the first member forming step. 



35. The method of Claim 32, 

wherein in the plate processing step, etching 
is performed on the two electrically conductive 50 
plates to form the two structural members. 



36. The method of Claim 32, 

wherein in the plate processing step, press- 
work is performed on the two electrically conductive 55 
plates to form the two structural members. 



37. The method of Claim 32, 
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